suMMARY The clinical features of eight patients with tetralogy of Fallot and major aortopulmonary collateral arteries were determined and found to be usually unhelpful in differentiating such patients from those with pulmonary atresia with ventricular septal defect. The point of connection between the pulmonary and collateral arteries could usually be demonstrated at cineangiography by observing washin and washout between the two systems. The central pulmonary arteries connected with the entire pulmonary vascular bed in the five patients in whom the anatomy of the pulmonary circulation was clearly demonstrated and were thought to do so in the remaining three patients also. In six out of eight patients only one collateral artery connected with each hilar pulmonary artery.
Unlike in patients with pulmonary atresia and ventricular septal defect the association of tetralogy of Fallot with major aortopulmonary collateral arteries is rare. In pulmonary atresia with major aortopulmonary collateral arteries a successful intracardiac repair depends on the size of the central and intrapulmonary arteries, the absence of stenoses, and the number of lobar and segmental pulmonary arteries connected to the central pulmonary arteries. The anatomy of the pulmonary arterial circulation in patients with tetralogy of Fallot and major aortopulmonary collateral arteries has not been well documented. We (Fig. 1 ). Injection at these sites combined with selective injections into the major aortopulmonary collateral arteries gave the best definition of the segmental pulmonary arterial blood supply. In those patients with selective cineangiograms it was relatively easy to decide whether or not the major aortopulmonary collateral arteries were in communication with the pulmonary arteries by looking for washin and washout (Fig. 2) . This was more difficult in the remaining patients, but if the aortograms were studied carefully washout could sometimes be demonstrated. In five patients the major aortopulmonary collateral arteries were seen connecting with the hilar pulmonary arteries. In those cases the central pulmonary arteries appeared to supply 100% of the bronchopulmonary segments. One patient had an absent left central pulmonary artery, but the right pulmonary artery connected with all the segmental arteries of the right lung and was also perfused by one major aortopulmonary collateral artery which joined the right pulmonary artery at the hilium. In the other two patients it was not possible to be certain of the segmental pulmonary arterial blood supply, but there was a considerable amount of washout at the hilum of both lungs, suggesting that the central pulmonary arteries connected with all the bronchopulmonary segments in each lung.
The central pulmonary arteries were hypoplastic in six patients, and normal in the other two. The intrapulmonary arteries were also small in the six patients with hypoplastic central vessels. In one of the two patients with normal sized central pulmonary arteries, the intrapulmonary arteries of the left lung were smaller than normal (Fig. 1) . The presence of a right aortic arch was confirmed in six of the eight patients. SURGICAL OPERATIONS AND OUTCOME Five patients (cases 1, 4, 5, 6, and 7) had an aor- Tetralogy of Fallot with major aortopulmonary collateral arteries ventricular septal defect. In six out of eight cases of tetralogy of Fallot usually only one collateral artery connected with each hilar pulmonary artery. Lastly, since major aortopulmonary collateral arteries are commonly associated with pulmonary atresia with ventricular septal defect, the presence of these collaterals might have been expected to occur only in cases with severe tetralogy of Fallot. In the present study, however, two patients had a relatively mild form of tetralogy of Fallot. When the patients presented, a significant systolic murmur was often not heard despite the presence of an open right ventricular outflow tract, suggesting a low blood flow across the pulmonary valve. In patients thought to have pulmonary atresia with ventricular septal defect, therefore, it is important to determine whether or not the valve is in fact atretic by selective injection of contrast medium into the right ventricular outflow tract. Non-invasive investigations are not yet helpful in this respect, since it is difficult to distinguish an imperforate pulmonary valve from one that is barely patent by cross sectional echocardiography, at least in our experience. Nevertheless, the introduction of Doppler echocardiography with duplex scanning may make it possible to detect the presence of forward flow across the pulmonary valve. Improvement of near field resolution on cross sectional echocardiography should also help clarify the anatomy of the right ventricular outflow tract. Cineangiography will still be required, however, for demonstrating the pulmonary arterial anatomy and blood supply.
As in pulmonary atresia with ventricular septal defect selective injection into each major aortopulmonary collateral artery is mandatory to determine the source of blood supply. The size of the central and intrapulmonary arteries may be better demonstrated by right ventricular outflow tract or pulmonary arterial injection. In the present series each lung studied appeared to be entirely connected to the central pulmonary artery, but this is a small series. Investigation of these patients with tetralogy of Fallot should therefore aim to exclude the presence of collateral arteries connecting end to end with lobar or segmental pulmonary arteries that do not have an alternative source of blood supply. The investigations should also exclude the presence of a dual blood supply to a part of the lung by two or more collaterals, in addition to the supply from the right ventricular outflow tract.
As is the case in pulmonary atresia with ventricular septal defect, when all or most bronchopulmonary segmental arteries connect to the central pulmonary arteries, a successful intracardiac repair depends on the size of the central and intrapulmonary arteries. The only two patients in the present series to have had a successful repair were those with normal sized pulmonary arteries. Palliative surgery should aim at encouraging normal growth of the pulmonary arteries. The choice is between an aortopulmonary shunt and reconstruction of the right ventricular outflow tract. There is some uncertainty about which procedure is the more effective, particularly as it is not known whether the results in patients with pulmonary atresia can be extrapolated to those with a patent right ventricular outflow tract. The timing is, however, probably at least as important as the type of palliative surgery. Early palliative surgery is recommended since it is more likely to achieve growth rather than mere distension of the central and intrapulmonary arteries. Recent studies have shown that not only small but large central pulmonary arteries can be associated with hypoplastic intrapulmonary arteries in patients with tetralogy of Fallot without collaterals and with either pulmonary atresia or tetralogy of Fallot and major aortopulmonary collateral arteries. 5 6 In the future the management of patients with tetralogy of Fallot and major aortopulmonary collateral arteries may be modified by using transcatheter embolisation of the collateral arteries when the flow through the pulmonary valve is satisfactory, for example with detachable balloons.3 In this way, a lateral thoracotomy might be avoided in patients destined for a complete repair. In patients who require palliative surgery the major aortopulmonary collateral arteries could be embolised at cardiac catheterisation after the surgical procedure if the central pulmonary artery supplied most or all of each lung and pulmonary blood flow was adequate. This approach has the advantage that a preliminary trial occlusion of the collateral artery is possible,7 while monitoring systemic arterial saturation and watching for any other possible complications of collateral occlusion.
In conclusion, patients with tetralogy of Fallot and major aortopulmonary collateral arteries require a precise cineangiographic diagnosis and demonstration of the anatomy of the pulmonary circulation in order to plan the surgical management. Surgical treatment will have to be individualised, as in patients with pulmonary atresia and ventricular septal defect. Nevertheless, since the anatomy of the pulmonary circulation appears to be less complex in patients with tetralogy of Fallot than in those with pulmonary atresia and ventricular septal defect, management will usually consist of encouraging normal growth of the central and intrapulmonary arteries by increasing the pulmonary blood flow as a prelude to complete repair. The outlook may be more optimistic in patients with tetralogy of Fallot since they have an open right ventricular outflow tract and all or most bronchopulmonary segments appear to be connected to the central pulmonary arteries.
